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to guide a frospective Navy microcomputer purchaser through 
the large number of available microcomputer systems. The 
model is designed such that common "spreadsheet" software 
programs can be utilized to manipulate the model and store 
data on available systems. 

In addition, ccmparisons are made of current popular 
Microcomputer systems and operating systems, in order to 
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i. ON PRODUCT ION 


A. BRIEF MICROCOMPOTER AISTORY 


The gwicrocomputer market is generally believed to have 
begun when the Micro Instruments and Teiemetry Systems 
(A4ITS) Altair 8800 computer kit was introduced in late 1974. 
MITS expected to sell 200 or 300 of the computer kits in 
Ds Instead they were deluged with orders for over 2000, 
selling over 200 in one afternoon alone. In 1977 Apple 
Computer Inc., began shipping its Apple II microcomputer and 
promptly began growing at a rate of more than seventy 
percent annually. The market demand for microcomputers is 
Still being underestimated in 1984. when International 
Business Machines (IBM) introduced its Personal Computer 
(FC) ain August of 1961 few could have predicted the phenca- 
ehai demand for the froduct. It has been estimated that 
over one million IBM PC's were shippei in 1933 and that IB” 
expects to ship two miilion in 1984. Despite the vclume 
Many customers must wait months to receive their orders and 
the shortage has created a4 large market for I3M compatictie 
microcomputers. 

One of the reascns for the excessive demand 1s that no 
one reaiized that large and small corporations would puy the 
IBM PC and other micrccomputers in volume. One example is 
Iravelers Insurance Co., which purchased 2U00 IBM PC's and 
has indicated with a letter of intent to buy 10,000 more 
[Ref. 1]. Universities are another large buyer of personal 
microcomputers and in particular the IBM rersonal Computer. 
The University of Waterloo, popular for its teaching and 
learning compilers, purchased over 30) PC's to shift under- 


graduate programming and engineering courses off their IBM 


3033 mainframe to the pc's. Almost weekly there is a new 
announcement of ancther college or university that will 
reguire all incoming freshman to purchase a particular 
school endorsed microcomputer. Even graduate scnools nave 
joined the trend with Harvard University agLnouncing that all 
entrants to its business school will be required to purcnase 


IBM Personal Computers. 


Be. THE MICROCOMPUTER MARKET 


Microcomputers now account for 32.3 percent of the total 
available ccaputer prceduct market, and is growing at a rate 
of 26.9 percent per year. This is compared to a 5.5 percent 
growth seen in the mainframe and supercomputer market. 
There are now over 500 companies manufacturing microcon- 
puters. - These companies combine to form over 950 different 
models of microcomputers from which to choose [Ref. 2]. 

The cover story for the August 8, 1983 issue of Business 
Week [Ref. 3] is entitied "Computer Shock Hits The Office: 
A Wild Proliferaticn of Desktop Units 1s Confusing 
Everyone", The article 1S accompanied by a cartoon that 
showS a customer standing 1n a computer store with rows and 
rows of microcomputers asking the sales clerk, "Do you have 
one that can help we decide which is the one for ne?", 
Certainly the personal computer and microcomputer market is 
experiercing what many have termed explosive growth. Joseph 
Ferreira, avice-president for Diebolu Group Inc., in the 
article states that executives are suffering from oftion 
snock and cannot handle all the choices [of microcomputers] 
coming to then. Later Ferreira also states that they will 
"Surfer paralysis by analysis", Sempiyong (tideeepemcnoOlecs 
are SO Many that a conSensus decision cannot be reached. 
With over 950 models of microcomputer systems available for 


commercial and consumer use it is easy to understand how 
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someone given the task ot selecting the best system for a 
particular application Might consider the task near 
impossible. 


C. GCALS OF THESIS 


The Navy purchaser is therefore lert witao a complex naze 
or choices f9r© microcomputer purchase options. As the 
overall cost of microcomputer systems continues to rall, the 
individual incentive to perform a proper and accurate 
morems and cost analysis for a single and isolated micro- 
computer purchase decreases. Toais is not to say however 
that a complete needs and economic analysis should not be 
performed, rather the Navy purchaser must be made aware of 
the overall consequences of not performing the proper anal- 
fous. ) nile the asolated purchase of a single microcomputer 
system may seem inconsequential, when viewed and totaled 
over all Navy personnel making such decisions, there exists 
an enormous potential for waste of valuable Navy dollars. 
mec her, and more fundamental, the Navy purchaser may 
acquire a system that will not satisfy user needs. 

It 1s therefore desirable to provide an effective deci- 
Slon support model and criteria to aid the Navy purchaser in 
the selection of microcomputer systeas. This thesis will 
develofr and describe a conceptual framework Irom which it is 
hoped that an effective decision support model can be 
constructed for selection of microcomputer systems. ees 
hoped that tne model design can be implemented on common 
"Spreadsheet" software programs to allow manipulation cf the 
model and storage of data on available systems. 

The proposed model 1s intended to ap ply only to single 
microcomputer purchases, and be only part of a complete 
system and cost analysis. It is felt that automating as 


much of the analysis process as possible not only reduces 
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the time and cost of conducting the analysis,” but procuee. 
an incentive for Navy decision makers to conduct a aore 
complete analysis. Furtner, and in answer to the cartoon 
Business Week, microcomputers can be just the too) to Waa 


the analysis process. 


AZ 


II. BACKGROUND 


Ae. WSICRCCOMPUTERS IN THE NAVY 


Within the Navy, the Navai Data Automation Command 
(NAVDAC) ais assigned overall responsibility for micrccon- 
puter support. NAVDAC has asSigned primary responsibility 
for the development of microcomputer technology and its 
applications to Navy Regional Data Automation Center 
(NARDAC) Norfolk, Virginia [Ref. 4]. NARDAC Norfolk is 
tasked with the follcwing microcomputer support functions: 

1. Develop standards for microcomputers, ineluaang 
unterfacing with mini and large host computers. 

2. Develop a standard Request for Proposal (KFP) for 
‘competitive procurement leading to acontract for 
Microcomputers, associated maintenance support, and 
licensing of software for Navy-wide use. 

3. Develop micrccomputer guldaelines On procurement, 
system software, hardware and application progran 
selection. 

4. Develop an inventory of Navy owned software, and 
listings of availaple vendor nardware, software, and 
Eratning. 

5. vevelop microccmputer training courses to Le given by 
NARTACs and Naval Data Altomation Facilities 
(NAVDAFS) in support of area activities. 

6. Host workshops on microcomputers for Navy-wide users. 

In order to guide the prospective Navy microcomputer 
purchaser NAVDAC developed guidelines for eguipment and 
operating systems for 8-bit microcomputers { Ref. 5]. 
Microcomputer technology however did not allow 8-bit micro- 


computers to remain entrenched for long. NAVDAC'S initial 


13 


response to 16-bit microcomputers was that most users prob- 
ably did rot need a 16-bit microcomputer system and 
continued to refer users to the recommenaed guidelines for 
8-bit systems. As 16-bit systems became increasingly more 
popular it was realized that standards should also ke devel- 
@ped fOr l6—-Dleesyovenuse In the interim NAVDAC recommended 
that 16-tit systems be purchased as a complete microcomputer 
system including hardware and software from a single vendor. 
This was to insure that all components worked togetner and 
to provide a single foint for vendor support. 

It was not long before NAVDAC decided tnat 16-bit 
Svstems had matured to a peint where they no longer recon- 
mended microcomputer systems cased on 3d-bit technology. fhe 
16-bit microcomputer systems were recognized to have 
Superior Capabilities and the sophisticated software devel- 
oped for these systems were addressing more user needs, and 
runbhing existing applications guicker and more efficiently. 
For 16-bit microcomputers a preliminary decision was made to 
not specify hardware requirements but to recommend compati- 
bility with a particular operating system only. This is ia 
light of increasing numbers of microcomputers beccming 
"compatible" with each otner. The initial operating system 
chosen was Microsoft's Disk Operating System (MS-DOS) due to 
its wide acceptance as a de facto standard. Over 96 percent 
or the 16-bit microcomputers use eitner MS-DOS or IBM's 
PC-DOS which is essentially eyuivalent to MS-DOS. 

The popularity of the IBM Personal Computer and compat- 
lble machines is having a significant impact on the micro- 
computer market. This impact is resulting in application 
software (for microccmputers) being developed almost exclu- 
Sively ror the IBM PC and compatipnle systems. NAVDAC relt 
that some level of IBM PC compatibility was therefore neces- 
Sary in establishing 16-bit standards. The guidelines for 


16-bit microcomputers have been drarted and are awaiting 


14 


aD PEOV.a 1. These guidelines as developed by NAVDAC reguire 
operating system and media! (data) compatibility with the 
ieee PC. Further, the dcart guidelines will replace the 
8-bit hardware and software standards and 38-bit microcoa- 
ruter systems will ne longer be recommended. 

NAVDAC Advisory Bulletin No. 294 [ Ref. 6] announced the 
award of a joint Air Force/Navy contract with Zenith Data 
Systems for the delivery of up to 500 systems per month of 
the Zenith Z-120 Microcomputer systen. Tae Zenith 2-120 
Microconfuter is not program compatible with the IBM PC. in 
cther words, a program written for the IB4 PC wiil not 
necessarily run on the Z-120. The two systems are media 
compatible and share almost identical operating systems. 
NAVDAC therefore faced the possibility of recommending 
guidelines that were not compatible with the chosen systen. 
Therefore data compatibility is the oniy eurPeria, forthe 
NAVDAC 16-EFit guidelines. 

The joint Air Force/Navy contract allows the prospective 
Navy purchaser of a 16-bit microcomputer to obtain the 
Zenith Z-120 at a substantial discount from the going market 
retail price. The user base for the Zenith Z-120 in the 
Navy is therefore expected to be large. Toere are however 
larye numbers of IEM PC and coapatible machines already 
purchased and in use. In addition, although there is an 
increasing number of software packages availatle for the 
zenith Z-120, there are thousands of software packages 
written for the IBM PC and other compatible systems that 
will not operate on the Zenith Z-120 pecause the systems are 
not program compatible. 


1Media compatibility in tnis context means that data is 
stored on™ ecuivalent external storage devices in the sane 
physica: format and thereDy allowing the data. eesccs by 
one system to be read or accessed by tne compatible systen. 
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Further, media compatibility joes not hecessarily mean 
that the data produced can be used by another systen. An 
example of this is an application program that indexes or 
perhaps hashes its data elements in order to increase access 
speed and minimize storage space. This imposes a certain 
logical structure on the data elements. Another system tnat 
is only media compatikle may be able to physically read the 
data disk, but the data will appear as a random stream ofr 
bytes with no useful meaning. Only the same applicatior 
program or cne especially developed ror that data can decode 
the logical data formats to a useful, readable or original 


BOL M- 


Be MICRCCOMPOTERS AND SYSTEMS ANALYSIS 


It should pe emphasized .tnat.standard systems analysis 
must be performed when possible. Tt anythi 2g, the large: 
humber of microcomputers in varying degrees of compatibility 
Make systems analysis even more important than before. 
NAVDAC guidance and standardization efforts go a long way to 
eliminate some of the difficulty, Dut since no single 
machine cr hardware standards are exclusively recommended, 
not all of the purchasing problems are solved. Therefore, 
the need still exists to perform systems decisions, and the 
criteria of data compatibility only limits the trelagie. 
choices available. Further, as 16-bit microcomputers 
continue to evolve, a method is needed to easily evaluate 
tae changes and their effect on the existing reccnmended 
standards. 

Any proposed aodel ror evaluating microcomputer systems 
Should rit into standard systems analysis techniques. In 
those cases where a full systems analysis is not performed, 
the method should provide a useful and accurate tool ior 


Microcomputer selection consistent with standard systems 
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analysis goals. One of those goais 1s to acyuire the "kest'" 
system rrom among the chosen alternatives at least cost. 

Traditional systems analysis can pve broken down into 
four broad categories in a system life cycle ccncept 
{[Ref. 7]. 

They are; 
1. The Study phase. 
2. The design phase. 
3. The development phase. 
4. The cperation fhase. 

The prospective Navy purchaser of Microcomputers 
however, when faced with a buying decision, does not orten 
see the purchase of a microcomputer as a part of a partic- 
ular larger informaticn systen. The microcomputer is seen 
as the entire systen, where no design or developmert is 
reguirea. Desiga and development have already been accon- 
plished. ‘The Opé€ration phase is reduced to rerely. 
purchasing an extended warranty contract, where no real or 
Significant operating costs are seen or envisioned. The 
prospective microcomputer purchaser therefore sees their 
role limited to the study phase. That study phase is 
limited to selecting which microcomputers from among many 
Will be purchased. 

The above assumptions attempt to point out the realities 
of the purchasing situation as opposed to what § frorerly 
should ve done. NAVDAC cautions the prospective purchaser 
[Ref. 5] that indeed the first and most important considera- 
tion is to perform a proper activity reyguirements and needs 
analysis to economically justify the purchase of microcon- 
puter systems. Further, the microcomputer should be consid- 
ered aS just one fart of an information system witn 
particular hardware, software, personnel, and facilities 
Support requirements and evaluated within a full system iife 


Cycle concept. 


Les 


NAVCDAC PUB. 15 { Ref. 8] provides guidance and precedures 
on how to conduct economic analysis. Particularly empha- 
sized are the procedures for performing present value anal- 
ysis and discounted fayback analysis. NAVDAC PUB. 15 aes 
oriented towards large automatic data processing (ADP) 
system decisions. AS such it provides analysis techniques 
that evaluate among widely aiffering alternatives such as 
whether to install or change the current ADP system in-house 
or utilize an outside service organization ADP systen. 

The technigues provided by NAVDAC PU3. 15 can be applied 
to microcomputer systems. Figure 2.1 from NAVDAC PUB Se 
Will ce used as the fFasis for deScripbing how the frofosed 


model fits into tne economic analysis process. 


C. METHOD AND ASSUMETIONS 


The proposed decision support model 1S a gwethod to be 
utilized for evaluating the differences amonyjg many micreccocn- 
puter systems. The differences can be among several config- 
ucations of the same system or between several Separate 
systems. The method utilized will be to quantify systen 
attributes and parameters where possibie and formulate a 
model that allows ccmparisons of the system attriputes and 
parameters against cost data. 

The model forms its comparisons by first calculating 
cost/benefit ratios for each of the given parameters or 
attributes. The model then leads the uSer through compari- 
sons between the alternative systems or configurations under 
consideration. The comparisons are calculations in the 
Changes btetween benefits and costs of the alternatives. The 
key to the model is the calculation of delta's, or the 
Changes Fetween benefits and costs. It will be Snown that 
the calculation of ccst/benefit ratios alone aS per NAVDAC 


is is net Ssutrrerente Rather it is the change or deita 
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value (change in benefits/change in costs) between alterna- 
tives that should be among the factors considered when 
comparing alternatives. The model 1S a tool and is merely 
designed to perform the calculations, 1t does not neces- 
Sacrily recommend or determine the "best" system. 

In reference to figure 2.1 it is assumed tnat the user 
has defined'‘his objectives, rormulated the assumptions, and 
chosen the possible alternatives. Ine model performs the 
task of interfacing the costs and benerits for each alterna- 
tive, and therefore assumes that costs aad benerit data can 
be determined. The modei then displays the resultant data 
and calculations ina form that allows the comparison of 
alternatives. The model is designed to be used for ccmpar- 
ison of microcomputer system attributes and parameters only. 

Again it should te emphasized that this process should 
normally be only part of the complete systen analysis 
process. It assumes that the need for a microcomputer 
system nas already been justified and established. Further, 
commands must realize that the cost of the microcomputer 
itself will not be the only cost in the life-cyeie3 
Application programs, update fees, accessory eyguipment and 
Supplies, Maintenance contracts ani tor some commands 
training of personnel are just some of tne additional costs 
that should be considered. These costs are separate fron 
the cost oi the microcomputer after a selection has been 
made, and in some instanceS may provide tne overriding 
factors in the decisicn. 

The use of the proposed model alone would assume that 
the follow-on costs are DaSically eguai, anithis is nota 
valid assumption for many systems. It is hoped tnaat the 
model however will provide a means to choose among microcon- 
puter systems when complete systems analysis 1S. ee 
pertormed and all of the significant costs are considered. 
Furthermore, it is hoped that it will ve an excellent addi- 


tion to the complete systems analysis process. 
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Most oiten system comparisons of Similar products is 
performed using matrix parameter tanples. these tables 
usually list the particular systems along oae axis and 
System attributes along the other axis. These taboles are 
orten large and cenfusing with many attributes listed. 
Crten a particular system iS just represented by a check 
Marck or cLEullet point if it possesses a certain attritute, 
better evaluations may jive more descriptive or amplifying 
information for the appropriate entry. 

More often than not the attributes listed are parameters 
that can be quantified. One of the basic tenets of systems 
and economic analysis is to guantify attributes where 
possible. Oncemeuantified; ytne difficult-to=-analyze matrix 
can give way to useful figures that not only compare alter- 
Bieaves Fut also indicate the relative advantages of one 
svstem over: another. | 

Further, the requirement of findiny tne data to be gquan- 
tiried is often difficult in itself. This is where a simple 
bkut effective model is useful. It is hoped that the data 
reguired to develop the model can be easiiy obtained. This 
is normally true for microcomputer systems. If they 
reguired data cannot be obtained to generate the model, then 
obviousiy the model loses its viabiiity. The model should 
therefore Fe as simple as possible, Dut care must be taken 
to ensure that the data and parameters cCaosen are complete 
enough to make the mcdel valid. 

Another key aspect of comparing alternatives is tnat 
there must fe a baseline from which to compare. Normally 


the baseline is to ke developed from the current system in 


use. POEM ere NAVY eEuBeha Ser Of microcomputers a current 
system may not be in place. The paseline can then be 
derived in two ways. First, would be to use the existing 


8-bit or 16-bit standards and guidelines as developed by 


NAVDAC. Second, and more preferabie, would be to use a 
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baseline developed from user reguirements as much as 
possible. This would assume that the prospective purchaser 
is able to quantify requirements in context to the model 
ceveloped. If a current microcomputer system is in flace, 
then that system can be used as the Laseline. 


Care must be taken not to conruse baselines with 


weighting factors. Weightiug factors are criticized as 
being arbitrary and often chLosen» to,..fayor »particudiar 
systems. The baseline does not aodify the parameters but 
provides only a figure for Comparison. This allows’ the 


figure tc show how the proposedi system compares relative to 
the existing system or the developed NAVDAC standards. The 
proposed model utilizes no weighting factors and modifying 
the model with weighting factors is not recommended. 

The proposed model evaluates Sinyle user, Single task 
microcomputer systems. Current microcomputer technology has 
reached the point where nultiple users and multiple tasks 
can be performed. Extensions to the model to cover nultifle 
users and multiple tasks must be developed when these micro- 
computer systems beccme more commercially available and are 
under consideration. 

Another criticism of any quantification scheme is the 
argument ovec the validity and userulness of the chosen 
parameters. This model design intentionally attempts to 
keep the chosen parameters as simple as ygossible. This is 
done for two reasons. First, 1s to ensure that the paran- 
eter data can easily be obtained Ey the Navy purchaser. 
Second, the model must be easily understood so that peorple 
will use it. Complex simulations, gueuiny models, Eenchamark 
tests, and other methods are all important tools, but are 
useless to the average Navy purchaser of a microcomputer 
System who nas neither access to tue required data nor the 
understanding to effectively utiiize then. Further, a 
Slmple model may lead to the Same conclusion as those 


perrormed by complex analysis. 


ue 


The Aray/Navy Computer Fa@ily Architecture Committee 
[Ref. 9] and [ Ref. 10] performed a study on Nine candidate 
computer systems for possible selection for a future cugged- 
ized version for military applications. Only three systems 
were acceptabie frem what was derined aS an absolute 
Sepmteria Standpoint. Furtner analysis was performed on 
Gualitative criteria and results were that the same three 
systems came out on top. Exhaustive bercamarks, program 
performance and statistical design tests were performed ani 
resulted in the same relative rankings as resulted from the 
qualitative criteria. 

The proposed model is not intended to be static, but 
rather a dynamic device to be utilized as necessary by the 
prospective purcnaser. The prospective Navy purchaser is 
encouraged to add craelete chosen parameters when more 
detailed parameters are desired or certain parameters cannot 


ke oktained. 
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III. DECISICN MODEL FRAMNEWORK DESCRIPTION 


A. MODEL ENVIRONMENT 


The proposed model is intended to be implemented on any 
of the common "spreadsheet" type programs. AS such, no 
specific details of implementation or how to construct the 
model are described. The methods discussed are merely 
intended to provide a framework from which it is hoped that 
an actual complete working modei can be constructed. The 
calculations and data manipulation performed by the model 
are all easily withir the capabilities of any of the popular 
spreadsneet programs. 

A spreadsheet program merely serves as a very vaiuakle 
tool to help analyze model data; it is not required. Ales 
the calculations and analysis can be performed by hand. ple 
is celt nowever, that the automation of as much of the anal- 
ysis as possible will provide incentive to pertorm the anal- 
ysis cy removing the time required to perform humerous 
detailed calculations by hand. Further, an automated 
Spreadsheet database once constructed can be used by many 
and the charging and updating of the reguired data 1s easily 
performed. 

Spreadsneet programs that offer two additional capakili- 
ties would provide even more utility. The capabilities are 
graphing and the ability top veonsteue: siacras. Graphing 
ailows the data to be viewed in a more beneficial visual 
eels The ability to process macros aulows the model to 
begin to perform as an elementary decision support system by 
allowing the model construction and operation to be menu 
driven and user prompted. There are a number of advanced 
Spreadsheet programs that offer these additional capatili- 


ties, particularly for 16-bit microcomputers. 
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B. MODEL DESCRIPTION 


The model consists of tables of cost and benefit infor- 
Mation. The benefits consist of various microcomputer 
System technical parameters tuat have neasurabie and compar- 
ative attributes. The technical parameters or performance 
attributes are being used aS surrogates for actual user 
kenefits, this is the best the user can do lacking detailed 
information and measurement of the actual benefit to the 
usec. Sxamples would be size of system random access memory 
(RAM) or speed of system operation in megahertz. Chapter 4 
discusseS various system parameters that could be utilized, 
and chapter 5 and 6 detail these parameters for current 
components and systems. The costs should be the specific 
cost of the particular attribute involved. For example, if 


secondary disk storage devices are being compared, the cost 


of the devices alone should be entered and not the total . 


syamemmcost. 

There will obviously be parameters wnere separate cost 
data cannot be oktained. In these cases the cost data can 
utilize total system cost when the configurations are iden- 
tical except for an attribute of the of the user's reguire- 
ment. The analyst must be extremeiy careful however that 
alternative systems costs are associated with identical 
configurations, lee. the alternate systems in that partic- 
ular comparison should egually satisfy user reyuirements. 
meet he conftiguration=S are not identical, then the difiter- 
ences in benefits must be among parameters wnose differences 
are not considered important to the decision process. 

An example of this would be comparing two systems that 
orrer different display screen resolutions wnere no separate 
costs can be identified, but one system has color capability 
and the other does not. Screen resolution could be a paran- 


eter benefit and compared against total system cost only if 


a 


color capability is net a system [Cequirement and not consi 
ered a decision parameter by the user. If separate costs 
Cannot be attributed to particular parameters, tnen this 
model cannot be used for cost benefit analysis of those 
parameters. 

After the system costs and benefits nave been entered 
for all technical attributes relevant to user needs, then 
the model calculates benefit/cost ratios for ail alterna- 


tives. Benefit/Cost Ratio (BCR) is derined as the yguantifi- 


abie parameter measure divided by the cost of that 
parameter. This assumes that the associated costs are one 
Cine Iniseimeos ts. NAVDAC Pub. 15 provides techniques to 


calculate uniform annual costs (UAC) and net present values 
(NPV) 1£ reguired. The benefit/cost ratios are then 
displayed and maintained for reference purposes. 

The model then calculates the delta or Change values in. 
the benefits versus the costs’ for pairs of alternatives 
under consideration. Depending upon tne specific model 
construction and spreadsheet program in use, this can be 
automaticalay calculated for all opposing sets of alterna- 
tives or calculated as a result of user prompts. Normaily, 
the delta (change ) values should be calculated between the 
Known baseline, and various alternatives (If there are many 
alternatives, pair-wise calculations will rise 
exponentially). 

As stated previously, the baseline can either be devel- 
oped from user needs and specifications, NAVDAC current 
Standards, or against a current system in operation. The 
delta calculations then show the highest benerit-cost 
difference relative tc the selected alternative or baseline. 

The individual analysis (comparison of alternatives) and 
conclusicns drawn frem the Eenefit/cost ratios is then left 
to the analyst. NAVDAC Pub. 15 provides guidance on the use 


of benefit/cost ratios. Accordimy to this  publicatiren, 
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benetit/cost ratios are normally utilized wnen the alterna- 
tive systems have unegual costs and unequal Eenefits. This 
is the most frequent case at present wnen trying to evaluate 
the differences among many Similar microcomputer systems, 
when one system has some attribute slightly different than 
the others. NAVDAC Pub. 15 provides guidance on conciusicns 


to be drawn from benefit/fcost ratio analysis. 


TABLE 1 | 

BCR Ccagparison of Alternatives 
| Costs Benefits Basis for Recommendation 
Egual Unequal Most Benefits | 
| Unegual Bawa 1 Least Costs — | | 
; Unecual Unequal Highest benerit/cost ratio | 
Equal Equal Other Factors | 


It will be shown that when comparing alternatives, the 
analyst must look at both the delta values for the BCK and 
tne individual BCR's themselves. This is the key point to 
this model construction and method. Further, the key aspect 
to examining the delta values 1S to begin witn the least 
cost aiternative that satisfies user reyulrements and 
examine the delta values increment by increment progressing 
from one alternative to arother. Many alternatives can be 
eliminated by bounding the cost and attribute data by 
maximum available funds willing to spend for cost, and 
Minimum acceptable measure of a particular attribute. The 
analysis then shows how much incremental cost 1S required 


for scme increment in performance. A decision is reached 


2 


wnen the incremental cost iS not considered worth the incre- 
Mental benefit or vice-versa. 

No attempt will be mace to list or detail all the systen 
attributes that should be considered in the analysis, or how 
the cost/brenefit ratios and the Changes in cost benefit 
ratios should be calculated for each attribute. Rather the 
intent is to make the prospective Navy purchaser aware of 
the technigue of conducting change analysis, and suggesting 
that autcmated spreadsheet tools provide the ideal environ- 
ment for conducting not only cost/benefit analysis, but the 
entire economic analysis process. 

In ordér to guide a prospective builder of an actual 


working model, several model examples will be discussed. 


C. EXAMPLE ANALYSIS 


Assume that user reguirements have specified a need to 
CELSO MG Ge Gloye eee The model should scan those systems 
entered into its database and select those systems with 
graphics capabilities as the alternatives. Table II is 


displayed for consideration and Figure 3.1 is made available 


| TABLE II | 
| Graphic Display Options | 
Vendor Pixel Total Cost Total | 
| Resolution Eels BCE | 
A 640x225 144000 350 411.42 
B 640x200 128000 4 00 320 
C 60 0x 200 120000 480 250 
D 64 0x 400 256000 u80 533.33 
E 720x348 250360 Og eee 
F 720x 400 288000 540 © §33.33 | 
| 
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for viewing. The data necessary to generate Table II ani 
graph 3.1 representsS actual cost data for six different 
Manufacturers of graphic display options for the Sig 
Personal Computer. Vendor A offers a graphic screen resolu- 
tion equal to that of the Zenith Z-120 adopted by NAVDAC. 
Vendor A will therefore represent the baseline. 

Examining the BCR's and following the NAVDAC guidelines, 
the analyst might be drawn to recommend Vendor F. Vendor F 
and Verdcr DP have the highest .BCK's, but Vendor F offersa 
considerably nanigher vertical resolution. Assuming that all 
other factors were the same, this would be an erroneous 
conclusicn for two reasons. First, the conciusion is not 
based on need. Verdor A should be selected because it 
represents the least cost solution, assuming Vendor A would 
satisfy the user requirement. In tnis case even though the 
costs and benefits are unequal, the analyst Must be careful 
to evaluate unegual Lenefits first against tne stated need. 
If all the alternatives ecually satisfy the user need, then 
in actuality, all of the alternative penefits are egual, and 
the least cost alternative should be selected. Second, 
asSuMing that Vendors D and F were tne only two alterna- 
tives, it must be remembered tnat evea though tne cecsts and 
attributes are unequal, if the systems are of equal benefit 
to the user, and tke BCR's are egual,toen the least cost 
recommendation criterion should apply. 

If we assume nowever that Vendor A represents the base- 
line of aocurrent system, or the user need specifies 
exceeding the baseline parameter, tnen an evaluation of 
delta values must be done. The model or user wouid then 
calculate the delta functions between the baseline and the 
otner alternatives.Delata values should be calculated in all 
cases where actual benefits and costs are unegual. 

When Vendor A is compared to Vendor D the change in 


pixels equals 112,000 and the change in cost eguals 130, 
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yielding a delta BCR of 861.54. Wheo Vendor A is compared 
to Vendor F, the change in pixels eyuals 144,000 and tae 
change ir cost equals 190, yielding a delta BCR of 757.29. 
From the change analysis the analyst should be led to reccn- 
mend Vendor D, which offers the most extra benefit at least 
extra cost. If possible tne dispiay of tne delta BCK*ts 
should also be shown in a table for all alternative pairs. 
The next example will examine differences among manufac- 
turers of Hard Disk Drive options for microcomputer systems. 
Again, the data represent actual cost data for aanufacturers 
or hard disk cpticns for IBM compatible microcomputer 
systems. Table III and Graph 3.2 would be displayed by the 
model calculations. Vendor D represents the baseline NAVIAC 


Beandard. 


| TABLE III | 
| Hard Disk Options | 
Total 
| Vendor Capacity Cost BCR Delta BCR . | 
| (Relative to Baseline) | 
A SB fod0” 30032 = 
10 MB 18490 .0054 == | 
158 Como” 66 OOS 00.6 | 
20 MB LDU eo Cue ~0089 
| B 2B E150" .0055 00 2.0 | 
20 MB 2440 .90082 - 0098 
| 26 MB Meow ena 0go moto 
| C 10 MB 1495 .0067 -- | 
23 MB Pe) 20102 OS 7 
| D 10 MB 7422 .0070 Baseline 
| | 


[ 


As in tne first exanple, the least cost system 1s Lrepre- 
Sented by the NAVDAC standard. This alternative snould be 
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Selected unless user requirements Specify a need for 
secondary storage capacity greater than 10 Megabytes. 
Assuming greater secondary storage 1S required than the 


amount offered by Vendor PD, 
that Vendor C's 23 


Gelta BCR fron the established baseline. 


MB unit otfers both the 


The isaSt example examines the analysis or ditferent 
expansion options for a single systen. 
system already has 256 kilokytes or user RAM installed. 
vendors manufacture memory expansion options. Vendor 
product cnly has the capability to expand to 256 KB 
KB total); 
KB total), 


represent pcssible data dispiays. 


Gio .L 
Vendor A can expand an additional 384 KB (for 


Euteat additional cost. Tabie IV and Figure 


——— 


TABLE IV 
RAM Expansion Options 


then the analysis data indicates 
highest BCR and 


KAM 


Assume an existing 


Iwo 
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512 
640 
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Totai Ran 236 329 384 4488 312 3/6 640 
Vendor A Cost 295 350 495 460 Deli 570 62 

Total BCR ~868 .9714 .948 .974 .994 «=+%12.071 1. 
Vendor B Cost 229 284 339 394 Uug 

Total BCR Temes tn 1S) Ul SS Aiea 1 14 

The cost data for the two Vendors 1s also taken £ ron 


actual memory expansicn options 


Memory add-on boards are an extremely popular option, 


the graph and tarle represent 


vendor offers more expansion capability cut ata 
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Figure 3.3 Additional RAM Expansion Graph. 
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benefit cost ratios indicate the lowest price vendor (B) 
Should be recommended throughout the range of the expansion 
options. 

There are several different change functions that can be 
Calculated for this case. If the model caiculates' the 
difference in expansion capability odased on the initiai 
cost; then Vendor A can expand an additional 384 KB ata 
mectmars 295, iqaving a dioltasiChweof 1.30. Vendor 8B can 
Eeepandad am addjitagonmal 256 KB at am amitiail cost of 229 
yleiding a delta BCR of 1.12. Toe model could alse calcu- 
late the difference at full cost inciuding cost of memory. 
Vendor A at the 384 KB change, full memory cost is 625; 
Vendor B with 256 KB change, at full memory cost is 449, 
This yields delta BCR's of .6144 and .570 respectfully. 
Thus the BCR when measured as the difference between expan- 
Sion capability from the system initial capability indicates 
that Vendor A, the higher priced vendor, should be reccn- 
mended, assuming the user requires this added capacity. 

It must be emphasized again that the above analysis is 
not based on a user need requirement. Only wnen the actual 
need is considered can actual recommendations be made. FOL 
the above example, expansion of memory capacity beyond what 
waS OLiginally a maximum requirement occurs freguently, tut 
1zf it is determined that 256 KB of memory 1S the absolute 
Maximum reguirement, then the least cost option shouid be 


selected. 


D. MODEL ENHANCEMENTS 


The above three examples are representative of how 
kenefit/fcost analysis can be performed 1a reference to 
comparing alternatives among microcomputer systems. An 
actual working model wculd be constructed based on the indi- 


7 
vidual decision makers or analysts requirements. These 


Bi 


requirements should tke quantification of measurable systen 
attributes based on user need. As such, Many dirferent 
parameters would have to be compared. Ideally, a 
constructed model would be preloaded with attribute and cost 
data on all known alternative systems. The user would tken 
extract those parameters necessary, and conduct the indi- 
vidual analysis on each or the chosen parameters. 

In the realm of decision Support system theory, the 
modei could be just one of a Series of models used in making 
Bicrocomputer selection. If arule dictionary could be 
developed for user reyuirements an ideal decision sufocrt 
system could be constructei that would automaticaliy select 
the appropriate evaluation parameters based on the stated 
user need. The costybenefit anaiysis would be just one of 
several models that a prospective user is guided through in 
the decision process. Other models would utilize such 
factors as net present value and total life-cycle cests for 
each of the compliete alternative systems with all necessary 
options installed. In short, there 1s much room for expan- 
sion and improvement over tne basic model description 
presented. 

In the context or simple spreadsheet prograng, the 
results of each of the individuai parameter value benefit/ 
cost analysis would then only provide additional input to 
the complete analysis process. Other factors may always 
provide an overriding reason to select systems contrary to 
Wnat may show to bethe "best" choice strictly by the 
numbers. Vendor reliability, maintenance costs, etc., and 
the wealth of other considerations must naturally be 


combined when making the final decision. 
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IV. GENERAL MICROCOMPUTER DESCRIPTION 


A. BASIC CONCEPTS 


The approach taken to describe a microcomputer system is 
to utilize the concezt of levels of abstraction. Levels of 
abstraction allow a general understanding of a system by 
beginning the descriptions at the most general level first, 
and then proceeding to increasing levels of detail. the 
upper level descripticn is often called the macro or systen 
view, with lower levels the detail or micro views. Levels 
of abstraction also fcllow the intuitive concept of top down 
design. This approach also allows limiting the descriptions 
to an appropriate level of abstraction without proceeding to 
levels of detail beyond the necessary scope. The following 
descriptions are not intended to detail the exact operation 
of microcomputer components, but are intended to identify 
some of the aspects to be considered when evaluatirg among 
Microcomputer alternatives. 

There are three main functional units to a single-user, 
Single-task microcomfuter system. They are an input device, 
a system or processing device, and an output device. Many 
however may consider a storage unit and memory unit aS main 
functional components and describe a microcomputer system as 
consisting of five main functional units. The choice of 
three Main functional units however better describes current 
microcomputer systems where the storaye and memory units are 
paysically built into the system or processing unit. 

The above chosen functional units represent a physical 
orientation in describing the system. There are however, 
other ways of describing systems based on logical relation- 


Ships or internal hardware design. One common method bases 


descriptions on the architectuce of the internal micropag. 
cessor and its relationsnip to Connected Majer components: 
These methods however are not useful to most users. 

An input device normdiady Gonsists “OL auee7 cande Most 
business and commercially oriented microcomputer keyboards 
have a significant number of extra keys over a _ standard 
typewriter layout. These extra keyS are necessary to 
provide additional ccntrol signals tor the computer systen 
and attached peripheral devices. Some keyboards have added 


a calculator type numeric keypad at one side of the keytoard 


that allows easy entry of numerical data. Some keyboards 
provide a number of "function" keys that implement comaon 
command sequences to save repetitive typing chores. 


Further, some systens allow the crunction keys to be rede- 
fined under program ccntrol. Current NAVDAC minimua stan- 
dards call for the use of a NOWERTY" ‘style keyboard with a 
shift key and control key. 

The keyboard for the IBM Personal Computer 1s controlled 
by 1ts cwn dedicated microprocessor and can therefore be 
completely controlled by software. This feature allows the 
entire keyboard to be redefined into any configuration as 
desired. This feature 1S particularly useful when used to 
prevent erroneous data entry. ALSO, this feature has 
Significant benefit for handicapped persons who can how 
define their own key configurations and eliminate the need 
for simultanedyus multiple key stroxes (such as shirt keys 
fOr. Capitals, 

There are a number of other input devices supplementing 
the keyroard device in many current microcomputer systems. 
These devices consist of touch screens, digitizer tablets, 
graphics tablets, joysticks, trackballs, lightpens, barccde 
readers, mouse devices, voice activated input, and remote 
device communication channel input. All of the above 
devices have quantifiaple parameters for comparison and 
decision purposes if reguired. 
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An output device normally consists of a cathode ray tube 
(CRT) display screen or video display terminal CV Diy, 2 oO 
either monochrome (single color) OE COLloOr. Microcomputer 
CRT screens are normally classified as to the amount of 
Pemdgreaeter information they can display in text applications. 
Current NAVDAC standards recommend a minimua of 80 amber or 
green characters per line by 24 lanes on a twelve inch diag- 
onal screen. The new proposed NAVDAC standard cails fora 
Poowude Oc SG) Characters by 24 lines with a 25th line for 
status information. 

Graphics apflications normally view the screen as a 
number of displayable dots or pixeis. Each dot is sera- 
rately addressable, and dependiny upon the application 
program and microcomputer system, can be shown in dirferent 
colors and attributes (such as blinking or intensified). 
“The number of horizontal and vertical dispiayable pixels 
defines the screen resolution. A typical microcomputer 
system might have 320 by 200 pixel resolution. NAVDAC does 
not presently specify a standard for graphics. 

The other major class of output devices is the hard ccpy 
printer. Printers for microcomputers are presently of two 
Major types, dot matrix, and fully formed letter quality. 
Ink jet and laser printers are also just beginning to appear 
in low cost models. The new proposed NAVDAC standard calls 
for dot matrix printers to have a minimum print speed of 389 
characters per second and letter quality printers to nave a 
Minimum 15 characters per second print speed. 

Most present microcomputer systems support asynchronous 
serial communication. NAVDAC recommends that furchased 
microcomguter systems be able to provide full duplex asvnch- 
ronous sé€rial communications at speeds from 300 bits/second 
to 9,600 bits/second. Additionally the system should be 
able to transfer over standard telephoue lines connected to 
a modem at either 300 bits/second or 1200 bits/second using 
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Standard protocols. Since this capability iS an absolute 
requirement and does not vary Significantly [rom system to 
system, asynchronous communications 1s not considered in the 
proposed model. 

The proposed model therefore considers a microcomzuter 
system to be composed of a keyboard input device, a system 
or processing unit which includes memory anda ée secondary 
storage device, anda CKkKT display output device. These 
three functional units will be guantified to formulate the 
hardware portion of the proposed model. The major three 
functional components are also normally purchased together 
aS one unit from the same manufacturer. 

The microcomputer operating system will be the finai 
component of the proposed model. Without the operating 
system and an application program the microcomputer is a 
useless device. The proposed NAVDAC standard recommends 
compatibility with the MS-DOS operating system or an oper- 
ating system that can execute MS-DOS compatible programs. 

The next level of abstraction will detail the major 
componerts of the microcomputer system and processor unit. 
The most important component o£ the entire microcomputer 
system 1S the microprocessor. The choice or the micropro- 
cessor virtually determines and dominates every other aspect 
of the entire microccmputer systen. The microprocessor is 
orten called the central processing unit or CPU. The CPU 
tarough various peripheral and support electronic components 
or chips enable and interpret input from the keyboard device 
and formats and processes the output to the CRT device. 

The CPU processor must have access to memory to store 
the list of instructions to operate on and to store results 
of procesSing and other outputs. Memory 1m a Microcomputer 
system 1S normally composed of cnips called dynamic randon 
access memory or DRAM (orten abbreviated to RAM) and reai 


only memory or KOM. 
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The term dynamic refers to the fact that RAM memory is 
not permanent. RAM memory must be periodically and elec- 
tronically recharyed or refreshed. Tnis means information 
in RAM memory is only retained while power is available and 
the micrccomputer system is running. Turning the microcca- 
puter off or any interruption in power causes loss of infor- 
mation stored in RAM memory. The term random refers tc the 
fact that each individual storage location can be indepen- 
dently accessed. RAM memory is also often called read/write 
memory, because new information can be written into and read 
from the memory. It 1S commonly used ror the storage of 
user programs and data. 

Read only memory however can only be read. ROM memory 
1s still random in that individual storayje locations can be 
independently accessed. ROM memory usually contains’ the 
instructions necessary for the microprocessor to automati- 
cally ooring the microcomputer to a state ready fcr user 
input. ROM based routines often contain sophisticated diag- 
nostic and device initialization routines. This process is 
normally termed "booting" the system and refers to. the 
analogy of pulling oneself up by ones bootstraps automati- 
caliy without intervention. If the ROM routine necessary to 
start a system must read information on a secondary stcrage 
device this information iS appropriately callead the boot- 
strap loader. 

Another type of memory found in microcomputer systems 15 
Static KAM which does not need to be refreshed but still 
loses its contents when power is lost. Static RAM 1S more 
expensive and currently does not offer the storage density 
or DRAM. Therefore it is not usually seen in general 
purpose ficrocomrputer systems. 

Memory in microccmputer systems has an access time asso- 
Ciated with it. This access time is measured in nancseconds 


(7s). A typical microcomputer system nas a RAM memory 
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access time of 400 ns or less. Significant improvements in 
System perfornance can be seen simply oy using faster access 
Memory (often constrained by Microprocessor clock speed). 

Another form of memory is bubble memory wnoaich retains 
its contents even when power is lost; this is also read/ 
write memory. Bubble memory, however, has significantly 
slower access times than RAM or KOM and also is not preva- 
lent in microcomputers aS Main Memory. Bupble menory is 
keginning to be utilized in microcomputer systems, however, 
as a Small size fast access secondary storage device. 

In order to save the contents or information stored in 
RAM, a secondary storage device must be provided. In micro- 
computer systems this secondary storage usually takes the 
form of floppy diskettes. The floppy diskette is the nediun 
the information is stored on. The device that reads the 
Medium ‘and transfers information from the floppy diskette to 
memory is the floppy diskette drive. The diskette drive or 
drives are normally part of the system unit but can be 
contained in external cabinets. 

Micrccomputer systemS originally contained disk drives 
that handlea disks that were e¢ight inches in diameter. 
Current Microcomputer systems usually utilize diskette 
drives that handle diskettes that are five and one guarter 
inches in dlameter. Industry practice distinguishes oetween 
the two sizes by the disks (8 inches) versus diskettes (5 
1/4 inches) terminology. This verbal” distinction me 
becoming increasingly biurred however as even smaller disk- 
ettes enter the marketplace. This next smaller size is 
three and one half inch. The physical size of the mediun 
however 1S unimportant to most users. The important charac- 
teristic is how much information the medium can store. 

The unit of measure ror these devices is normally the 
byte. A byte consists of eight bits of information. By tes 


are measured in multiples of powers of two. Two to the 
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tenth power represents 1,024 bytes or one kilobyte (KB). 
Two to the twentieth power represents 1,048,576 bytes or cne 
megabyte (MB). Kilcbytes and megabytes are the standard 
units to measure capacity ocr memory and secondary storage 
devices. 


The disk medium can be either soft-sectored or hard- 


sectored. Soft-sectorea méans that the sector information 
1s stored under software control. Hard-sectors physicaily 
Separate and derine the sectorinjy information. The disk 


medium can also be either single-sided (information on one 
Side only) or double-sided. Furtner, tkere can be sinjle, 
double or guad density which refers to the compactness with 
which the irformation is stored by tracks. Single density 
store approximately 24 tracks of data per inch, double 
density 48 tracks per inch and quad density 96 tracks per 
inch.  NAVDAC proposed standards call for a niniauno of two 
five-and-one-quarter inch, soft-sectored, dual-sided, dual- 
density diskettes drives. 

Diskette based systems are considered to be mediun 
Storage devices in terms of tne volume of information 
stored. If large vclumes of intormation are reguired nard 
disk or fixed disk storage devices are used. Hard disks or 
fixed disks usually are capable of storing thirty times or 
more the volume of a floppy diskette. Hard disks have 
Sijnificantly faster access times tnan rloppy disk. The 
proposei NAVDAC standards recommend optional 10 megabyte 
hard disk when storage requirements exceed that of floppy 
diskettes. 

The CPU or microprocessor iS RNormaiiy connected inside 
the system unit to main memory consisting of KOM and RAM, to 
several types of interface chips or controilers, to an input 
Gevice, and an output device. Two common interface chirs or 
cortrollers in most microcomputers are the direct memory 
access (IMA) SeMUEGlLleGr, | and the Peripheral input/out rut 
(PLO ymeontrciler. 
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The DMA sontroller allows input/output tobe pila 
Girectly from an input/output device or secondary storage to 
Main memory and vice-versa without going through or inter- 
crupting the microprocessor. The PIO controiler handles the 
necessary ccntrol and formatting information for communica- 
tion between the microprocessor and the input/outrut 
devices. 

The CPU, ROM and RAM, the controllers and input/output 
devices are connected toyetner by a system bus. The systen 
kus carries the necessary address, data and control signals 


that allow various components connected to the bus to 


exchange informa tion. The system bus normally consists of 
three separate pus structures. They are the address bus, 
the data bus, and the control bus. Some microcomputer 


systems may multiplex one or more of these buses oa the same 
pnuysical lines, kEut most current systems maintain at a least 
double pus structure. 

The address bus carries address signals that identify 
the separate memory locations and the laput/foutput locations 
to the CFU. The data bus carrieS actual data information 
from the CPU or one component to another. The control [us 
carries the necessary control and timing signals under the 


directicn of the CPU that coordinates the action of the 


address bus and the data bus, and carries out the instruc- 
tions that the CPU is performing. The control bus, for 
example, would contain the control signals to determine 


whether a memory access iS a fread Operation or a write 
operation. 

Important aspects from the quantification point oz view 
focuses on the address bus and the data bus. The control 
bus while being the most important bus, Since 1t contains 
the control signals, is basically transparent in its ofera- 
tion and not normally available for use by the user or the 


System programmer. The address bus and the data bus however 
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determine some fundamental aspects and measurable parameters 
of the Microcomputer system. 

The address bus and data bus operate on a_e specific 
mumber of bits ina parallel fashion. The specific nunkter 
or bDits that these busses act on at one time is often cailed 
the bus width. Thus if the data pus operates on eCiyht bits 
of information (one ryte) ln parallei it is said to ke an 
eight bit data bus. 

The more information that can be handled at one tine, 
the faster and more efficiently a microcomputer systen will 
operate. For example, it the unsigned number 512 were to be 
transferred on an eight bit data bus, it would have to cccur 
in two cycles. The number 512 reguires a representation of 
at least nine bits and the first cycle would transfer the 
feet Clght bits and another cycle would be necessary to 
transfer the remaining bit. Intuitively, the larger the 
data bus, the more data that can be transferred efficiently. 

The size 9f the data bus is often used to determine or 
hame the classification of microcomputer systems. If the 
data bus is 8 bits wide the microprocessor and microcomputer 
is termed to be an 8 bit dé€vice. If the size of the data 
bus is 16 bits, a 16 bit microcomputer results. This clas- 
Sification tecminology is not universally accepted however. 

Similarly, the size of the address bus determines the 
Maximum amount oof memory oor devices that can be directly 
accessed by the system. An address bus that is 16 bits wide 
can access directly sixty-four kilobytes (64 KB) of memory 
(assuming the microccmputer is eguipped with at least 64K3 
Oi memory). Due to the binary aature of the address bus 
every additional bit in width doubles the direct addressable 
memory. An address bus of twenty bits can directly access 
one megabyte (1MB) of memory. 

As application programs become more complex, ever 


increasing needs for large amounts of directly addressable 
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memory become necessary. In addition, and similar to main- 
frame computers, Multitasking and muitiuser mnicrocomguter 
systems will reguire relatively large amounts of directly 


aadressable memory. 


Be THE MICROPROCESSOR 


The last level of abstraction will be the basic internal 
structuce or a typical microprocessor. It must be realized 
that microprocessors have advanced to a Stage wonere general 
purpose descriptions no longer adequately portray the many 
and varied design philosopnaies. The proposed NAVDAC stan- 
dari recommends Microcomputer systems utilize the [Intel 
8083/8086 microprocessor or equivalent. 

The major functicnal areas inside a general purpose 
microprocessor designed for microcomputer systems almost 
directly parallels the general purpdse description of the. 
microcomputer system itself. The CPU must have internal 
data, address and ccntrol [usses. It 1S important to 
realize and distinguish that the internal width of the CPU 
busses can be and often are a different size than _ the 
externai fusses. An example of this 1s a CPU that has an 
external 8 bit data EFus but internal 16 bit data bus. The 
CPU wili fetch two 8 bit bytes sequentially and tnen can 
execute on the entire 16 bit value simultaneously. 

The CPU busses are normally connected to CPU registers, 
and input and output buffers. The registers are an array of 
internal storage locations inside the CPU that hold address, 
data, and antermediate values awaiting or resulting froa 
computations. Some microprocessors have input/output data 
and address buffers separate from the register set, while 
Others will utilize the register set itself to act as the 
necessary buffers. Additionally, some microprocessors dedi- 


cate specific registers for specific functions. The most 
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common register-speciric function 1S to nave one register 
dedicated as an accumulator. 

A CPU, in addition to the general [Eurpose registers, 
will have a set of storage locations dedicated to other 
specific functions. An 1nstruction register contains the 
instruction that is currently being executed by the micro- 
PLOCeSSOL. A program counter contains the address of the 
next instruction to ke executed. Finally, a status register 
Will maintain certain Status information about the state of 
the microprocessor, or flags that are set or reset depending 
on results cf£ specific operations. 

An 1mportant internal component of the CPU is the arith- 
metic and logical unit (ALU). The ALU performs all calcula- 
tions, data manipulation, and data comparison functions. 
This includes executing such operations aS comparing values, 
complementing values, ani shifting values lert or eel) )) eae ce 
the CPU has a dedicated accumulator register, the results of 
Operations performed Ly the ALU are returned or placed into 
the accumulator. 

The control unit within the CPU performs all instruc- 
tions not directly recuiring use of the ALU. This includes 
operations such as transferring the value of one register to 
another or transferring the contents of registers to memory 
cr the IvO devices through the system bus. The control unit 
mes@mcontrois the Oferatiom of» theswALUmand in conjunction 
with it, executes the entire set or instructions the CPU is 
capakle of performing. 

Within the control unit wili be encoded the entire 
instruction set of the microprocessor. This instruction set 
1s a fixed set of cferations that the microprocessor iS 
Capable ot performing. The instructions are executed on 
operands that determine the exact nature of the instruction 
to be executed. For example an add instruction may add 


values rrom one register to another, frow a register with a 
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value in memory, or from a value 1n memory to another memory 
location that DOLAtS §Fto Yetmmanotics memory location 
containing the actual value. The different ways an instruc- 
tion operand affects the Controi of the instruction iia 
calied addressing modes. Addressing aodes extend the capa- 
bility of an instruction set by allowing different ofera- 
tions to take effect on a single instruction based on the 


operands of that instruction. 


C. MICRCCOMPUTER SYSTEM CONSIDERATIONS 


There are several important considerations involved when 
trying to evaluate microcomputer systems. Though the nmicro- 
processor utilized 1S an important system component, there 
is more to evaluating the microcomputer system than only 
-assessing the hardware capabilities of the microprocessor 
alone. | | 

The way the system is capaole of interacting with 
various I/O devices 1S another consideration. It has been 
Shown that systems with DMA offer improved capability and 
performance over systems where all I/0 activity must go 
through the microprocessor. Additionally, some I/O devices 
May possess tneir own processing capability, woaich frees tne 
Main microprocessor from performinjg wnat are sometines 
called housekeeping functions. 

Some microprocessors have the capapnility to address I/O 
devices separately from memory addresses. This capability 
is called I/0 mapping and has several advantages. Because 
an I/O address can be significantly smaller than a memory 
address, the I/O address can be specified directly without 
an address calculation. The shorter address also results in 
Shorter I/O commands. The aiternative to this 1S memory 
mapped I/O, where certain memory addresses are reserved for 


particular I/0 devices and other information they might 
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need. This results in less memory available tor application 
programs. However, the same instructions which are used for 
Memory Operations can be used for I/0 operations and I/0 
data transfers do not have to go tnarough an internal 
register. 

Another consideration is whether the system Supports 
interrupts. Interrupts allow the I/O devices to signal the 
Microprocessor only when they need Servicing or freguire an 
information transfer. buenout £hterewpt capability the 
Microprocessor will have to spend unnecessary time polling 
I/O devices just to see if servicinj 1S reguired. Most 
current @ficroprocessors support interrupts, put how they are 
implemented and the number supported can have significant 
impact upon system performance and capability. 

Finally, the speed the system operates at is of primary 
importance. There is often a distinction between the 
internal speed of the microprocessor andthe speed of the 
rest of tne system. Current microprocessors operate ina 
two to twelve megahertz (MHZ) range. RAM memory on the 
other hand operates in the 50 to over 450 nanosecond (ns) 
access time fCcange. A 4 MHZ microprocessor with a 250 ns 
processor cycle time operating with 200 ns memory attacaed 
Will obviously exhikit better performance than the’ same 
system with 400 ns memory cnips attached, because in the 
former case the processor wiil not have to wait on memory 
accesses. Similarly, a 6 MHZ version of the same processor 
would achieve better performance. These two interdependent 
times are often critical in their interaction and cannot 
often bre changed once the system desSiga 15 set. 

The speed of operation of a microcomputer system 15 
usually controlled by a crystal oscillator. The oscillator 
provides an input to the @Gicroprocessor, where the resulting 
timing Signals are critical to the operation of the control 


Ura t. Cne must be careful, however, tot to base systen 
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perrormance on crystal #leqguency ss alonceas often the 
frequency is modified or divided by support chips to provide 
one or more actual oferating frequencies. Also, the actual 
speed of the processor is not a true indication of system 
speed, as indicated above with reference to a2emory access 
tine. 

In attempting to provide an accurate but simple guanti- 
fication method for ficrocomputer system selection, careful 
attention must be paid to components or parameters that 
Significantly afcect the operation of the entire system. In 
this context one must be fully aware ort the positive and 
negative interactive aspects of the cnosen parameters, and 
insure that the parameters chosen reclect system Capability 
and performance tnat are relevant to the user's application 


and needs. 
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Ve CURRENT 16-BIT MICROPROCESSOR DESCRIPTIONS 


A. INTEL 8086/8088 MICROPROCESSORS 


The 8086 and 8088 manufactured Ly Intel Corporation are 
currently tne most widely usea 16-bit aicroprocessors in the 
Microcomputer industry. This is a direct result in the use 
or the 8088 in the IBM Personal Computer and compatible 
machines. The 8088 is in such demand that Intel nas seconi 
sourced its manufacture to both IBM and Commodore Business 
Machines. The 38086 and 8088 were first commercially intro- 
fied 1n 1978. 

The 8086 is a true 16-bit processor naaving both internal 
and external 16-bit data paths. MIne ALU is 16-bits wide’.and 
can perform poth byte and 16-bit word operations. The 
address bus of the 8086 is 20-bits wide jiving the 8086 an 
cne megabyte physical address range (1,048,576 bytes). The 
8086 has 97 basic instruction types waich include a hardware 
multiply and divide instruction and various string manipula- 
Prom ahnstructions. Siem eri steuct lols wOrEK Ln COmgunct ion 
with 24 ditferent addressing modes. All instructions are 
byte oriented with no instruction Lreyjyuiring more than six 
bytes of operands. RVdLevonatiy , a0 YolnhStluctlon can Start 
at any address point. 

The 8086 microprocessor 1s divided into two major parts, 
an execution unit anda bus interrace unit. These two farts 
are independent and forn the implenentation orf tne 8086 
pipelined architecture. This means that instructions and 
data are prefetched Fy the EFus interface unit and flaced 
lnto a six byte gueue or pipeline and then are ready for 
immediate execution by the execution unit. Talis results in 


greatly improved performance characteristics Fecause the bus 
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interface unit can fetch instructions and data simultawes 
ously while the execution unit 1s executinj instructions. 
Tne pipeline must then only be cleared and cefilled when 
program execution transfers to a non-segquential address. 

The 8086 includes a totai of fourteen 16-bit wide regis- 
ters. There are eignt yeneral purpose registers, four ofr 
which can be accessed with either lo-pit or 8-bit data. 
There are four 16-bit segment registers which are used for 
address calculations. Finally there are two 16-bit control 
registers cne of which is the flags or processor status 
register andthe other the instruction pointer fcregister. 
There are many 3086 instructions that restrict tne opepama 
values to ke placed in designated register locations, there- 
fore the register set doeS not provide completely general 
purpose registers. | ¥ 

The instruction pointer register is normaliy called the 
program counter in cther microprocessor implementations. 
Intel refers to this reyister as the instruction pointer 
because this 16-bit guantity 1s combined with one of the 
16-bit quantities in the segment registers to form the 
20-bit address. The appropriate 16-bit segment register is 
shifted left four bits and added to the instruction pointer 
to form the address. Another reason for the change in 
terminoiogy is that the 8086 instruction pointer points to 
the next instruction to be fetched and not the next instruc- 
tion for execution (which is in the six byte pipeline). 

In addition to Supporting the one megabyte fhysical 
address range the 8086 can address 64 kilobytes of I/0 
Eon tom The 8086 instruction set has special input and 
output instructions to send and receive data from the I/O 
ports svecified by the port address. The processor and 
address bus distinguish between memory address and I/0o 
address Ey special ccntrol signals. The use of separately 
aadressed I/) ports allows the 3086 to use Loth memory 
mapped and I/O mappea devices. 
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An example of both memory and I/0 mapping occurs in the 
IBM Personal Computer where the display screen is memory 
mapped but the cathode ray tube (CRT) control circuitry has 
itS own processor controller witn additional rejisters that 
Can be changed via the I/O ports. ihas@eresults in the 
display screen attributes and cursor controls to be under 
programmer cr application program control. I/0 mapping also 
Saves memory space in that device control information does 
not have to be stored or utilize a portion of system memory. 

Another important characteristic of the 8086 processor 
is its interrupt handling capability. The 8086 processor is 
designei to utilize Loth hardware and software interrupts. 
A total of 256 different interrupts are supported. The 
first 1024 btytes of memory in 8086 systems are dedicated to 
fiepasah interrupt vector table. Wienwec tiene de hardware or 
software interrupt occurs, the interrupt instruction 
retrieves an address pointer in the interrupt vector table 
and branches to that address to perform the interrupt 
Service routine. This allows all interrupt service routines 
to be written or changed by the user. This can be done 
€lther by replacing the existing routine with another or 
Changing the address of the interrupt vector pointer toa 
new location that contains the desired service routine. 

The €086 processor was originally designed to be driven 
by a 5 MHZ clock for timing and control purposes. There are 
now 8 MHZ and 10 MHZ versions available. 

The 8086 design allows for coupling with other 6086 
processors for parallel execution or it can utilize two 
Special coprocessors. Tne 8087 Numeric Processor Extension 
(8087 N?X) San be utilized to implement fuul 80-bit IEEE 
floatiny point arithmetic operations poy adding an additional 
register set of eight 80-bit registers and 68 new floating 
point arithmetic instructions. ie cuds <Inogut/Out put 


Processor (8089 IOP) is a separate microprocessor with its 
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Own instruction set that can be linked with 8086 systems for 
high speed I/0 contrcl of systems witn numerous I/O devices. 
The 8089 in general acts aS a sophisticated and nigh speed 
I/O and EMA controller. 

The 8088 is functionally equivalent to tae 38086. The 
ouly difference is that the 8088 has an 8-bit external data 
bus vice 16-bit and the instruction pipeline is four bytes 
long versuS S$1Xx. Internally the 8038 processes data and 
instructions identically to the 8086 and all programs and 
applications developed for 8086 systems will rcun on 8088 
systems and vice-versa. 

Intel Corporation is providing a family of processors 
and coprocessors beéginning with the 8088/8086 that are 
upward ccmpatible. The next set of processors in the series 
1s the iAPX 186/188 (80186/80188). These two processors are 
functionally equivalent to the 8088/8086 but additiongiy 
have Several peripherai support chips designed into the 
microprocessor itself. The 80186/80188 series combine clock 
generation, two independent DMA channels, programmable 
interrupt controller, three proyrammable timer/counters, 
programmable memory-select and peripheral-select logic, a 
programmable wait-state generator, and a local bus 
controller Systems designed with iAPX 186/188 need approxi- 
mately twenty fewer chips which simplifies the circuit board 
design and reduces cost. 

The chips also have improved internal design resulting 
in Significantly faster execution for many instructions. 
Additionally, ten new instructions have peen added for more 
eificient coding or higher level languages. Address calcu- 
lations use a dedicated hardware adder which significantly 
increases the speed at which the bus interface unit can fill 
tne execution unit fipeline. Both chips also have newly 
designed coprocessors the iAPX 187 and 139. 
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Another microprocessor in the Intel family is the 1ApPX 
2386 (80286). This is a greatly improved 8086 rodel 
Supporting one gigabyte of virtual memory and up to 16 meya- 
bytes of physical memory for use in multiuser and nulti- 
tasking applications. All memory Management functions are 
rPorit into the™chrp. In development 1S the Intel iAPX 386 
which will be a full 32-bit microprocessor and still flan- 
hing to ke upward compatible with applications developed for 
8086 systems. 


Be ZILOG 28000 MICROPROCESSOR 


The Zilcg Z8000 was introduced in 1979 and is availiable 


from Zilog Corp., andis also second sourced from Advanced 


Micro Devices (AMD). Z8000 a1s the name for a family of 
procesSSOrs.. The Z80 8-bit microprocessor is not upward 
compatible with the Z8000 as the Z8000 employs a totally new 
and dairferent architecture. Zilog claims however that 


conversion of Z80 programs to the 28000 is relatively 
straightforward. 

The 2Z8000 1s also a true 16-bit wicroprocessor 
Supporting 16-bit data paths both internally and externally. 
Additionally the 2Z80C0O instructions are either 16-bits or 
32-pdDits wide with the instructions mostly word oriented 
fro —bits). The ALU is 16-bits wide and supports individual 
bit set and clear operations in addition to byte and word 
data types. The Z8000 can directiy aidress eight megakytes 
or memory. The eight megapytes of directly addressarle 
physical memory is divided into 128 segments of 64 kilobytes 
each. The 128 segments 1S provided by an additional seven 
bits or address lines giving the Z8000 twenty-three address 
lines (verses 20 ror the 8086). 

The Z8000 provides 110 kEasic instructions implemented by 


mand OMmerog1 GC. The instruction set can operate on 8, 16 or 
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32 bit quantities and instructions vary in length from two 
to eight bytes. Tne instructions however are reguired to be 
word aligned, which means tney must begin on even byte 
addresses and must have an even number oc bytes. The Z8000 
has eignt different addressing modes. 

The Z8000 implements a Single word pipeline. Only the 
next single word is prefetched from memory into an instruc- 
tee nee a el. This can only occur during the current instruc- 
tion execution and only if the current instruction does not 
require the use of the address bus. Although this is not as 
a sophisticated instruction pipeline as the 8086, ancther 
element of Sophistication is added by ailowing the 
precetcned instructicn to be decoded in the buffer. Zilog 
calls the hardware portion of the processor that ferforms 
this a Lcokahead Instruction Decoder aad Accelerator. 

The 78000 contains a total of twenty-two 16-bit tegeees 
ters. There are sixteen general purpose registers. Of 
these, all but one of the registers can be used either as 
accumulator, index jpointer or memory pointers. Thus the 
Z8000 does provide true general purpose registers. In addi- 
tion the first eight registers can be accessed with either 
byte or word values, andthe first sixteen registers can be 
comtined to form either eight 32-bit registers or four 
64-bit registers. This allows the 28000 to easily perforn 
lom-bit and 32-bit multiplies and 32-bit and 64-bit divides. 
This also allows relatively faster string manipulation 
instructions. 


The remaining registers are composed or two registers 


for implied system and normal stack pointers, one program 
counter register (PC), one program status area pointer 
(ESAP) register, which contains tne segment number and 
otfset, one flag and control word register (FCW), anda 


refresh counter register. 
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The Z8000 like the 8086 supports separate I/0 addressing 
amd also Supports 64 kilobytes of I/0 ports. Gin Oa. y 
the Z8000 has a special system mode of operation that allows 
the addressing of an additional 64 kiiobytes of I/O sface. 
This additional I/0 space will not be considered for tne 
Single user evaluaticn, but should be added for multi-user 
and multi-process implementations. 

The 28000 supports 256 different interrupt types and 
like the 8066 the interrupt pointer taples are easily modi- 
fied. The pointer taodles are not stored in the lowest 
segment of memory however, but rather at a locatior pointed 
to by the PSAP register upon system initialization. The 
Z8000 is currently available in 4 ard 6 MHZ versions. 

Z8000 is actually the general designation of a family of 
Zilog microyrocessors The above descriptions apply to the 
actual 28002. Zilog offers the 28001 that. provides a couple 
of extra registers that when combined with the 28010 Memory 
Management Unit (H4MJ) extends the addressing range of the 
Z8000 to 48 megabytes of physical memory. iis 1s accen~ 
plished Ey managing six segments of eignt megabytes each. 
Tue MMU also allows randomly relocating the 128 segments (64 


kilobytes each) in any of the six larger segments. 


C. THE MOTOROLA MC68000 MICROPROCESSOR 


The MCE8000 was commercially introduced by Motorola 
Semiconductor Division in 1980. The MC68000 due to its 
later release has gained a tecnanological sopnistication 
beyond the Intel 8030 and Zilog Z8000. Tne MC68000 contains 
a very complex internal architecture with over three times 
aS many transistors irplemented in silicon over the 8086 and 
23000. 

The MC68000 is more than just a 1lo-bit aicroprocessor. 
The MC68000 has an external 16-bit data bus but is 


internally 32-bits wide for all data and address registers. 
Therefore depending cn how classification of the processor 
is done the MC68000 microprocessor could be considered a 
32-bit microprocessor. The ALU however 1s only 16 bits wide 
and can operate on bit, byte, 16-bit word and 32-bit double 
word sbasic sdata sty perce 

The MC68000 is packaged in a 64-pin chip and isgplements 
a separate 16-bit data bus and a fuli external 23-bit 
address bus. Tne address bus 1s not multiplexed with the 
data bus as in the 8086 and 28000. The 23-bit external 
address pins are used in conjunction with a 24-bit internal 
program counter. This implementation allows the MC68000 to 
have a completely linear sixteen megapytes or physical 
address space. The address space is completely iinear in 
that there are no segments that break the address space into 
separately addressable blocks. All addresses are Specified 
by the full 24-bit value. 

The internal design of tne address bus is 32-bits wide. 
The external 23 address lines were limited due to packaging 
iimits only. Therefore the MC68000 has the capability to 
expand to afull 32 bits of address supporting four giga- 
bytes of physical memory merely by changing the chip pack- 
aging. No redesign of the internai chip architecture is 
reguired. 

The Fottleneck in the MC68000 restricting it from being 
a full 3z-bit microprocessor internally is the 16-bit wide 
ALU. All thirty-two Eit operations trom the 32-bit registers 
must be accomplished in two consecutive cycies through the 
16-bit sae 

The MC68000 microprocessor tnerefore 1s basically a 
16-cit device with Significant extensions. The architecture 
aS implemented 1S not aS symmetric (32-bit data and address 
bus internally, only 24-bits address bus curreatly used, 


23-bits of address bus externally, 16-bit external data bus 
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and 16-bit internal ALJ) @Qoamcne 400008 8oretne 8086, but 
offers a large physical address space and increased expan- 
Slon Cpper tumrt y - 

The MC68000 has only 61 baSic instructions which are 
loplemented in microcode. LiSGHue trons VadbyernieLength tron 
two to ten bytes. The low fmumber of instructions is sone- 
what misleading in that there are a number of high level 
instructions that would reguire the use orf three or four 
instructions on cther frocessorcs. This advantage is offset 
by the fact that the MC68000 contains no specific string 
Manipulaticn instructions. More combinations of 44C68000 
instructions and programming effort are reguired tc imple- 
ment word frocessing functions. Instruction execution on 
the MC68000 requires that instructions be word aligned 

The MC68000 implements a single prefetched instruction 
Pipeline similar to the 28000. + Ine prefetch mechanism 
contains enough information to execute current instruction, 
decode next executarle instruction, and prefetch the 
Following instruction from memory simultaneously. The mech- 
anism also attempts to predict the most likely address for 
Peanch wunstructions. 

The MC68000 contains a total of 19 registers. AJMaxof 
the registers except the status register are 32-bits wide, 
with the status register 16-bDits wide. The register set 
contains eight completeiy general purpose data registers, 
seven address registers, two system stack pointers, a 
fFrogram counter register, and the status register. The two 
Svstem stack pointers are designated as a user stack pointer 
and supervisory stack pointer. 

All of the data registers can be accessed as either 
byte, word or double word values. All addressing modes and 
1nstructions can use any of the eight jeneral purpose regis- 
ters for operands. The eignt address registers allow easy 


implementation or multiple stacks, data, and program areas. 
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The MC68000 is completely memory mapped and offers no 
separate address space for I/O devices or ports. This is 
hot considered a restriction because of the large address 
Space available. This does mean that in a system inplemen- 
tation certain areas of memory must De reserved for I/0 
COHntEOL information. The programmer must then insure that 
application programs do not interfere with the designated 
areas. With the linear address space of the MC68000 keeping 
data and program areas separated isttotally the responce. 
bility of the programmer. There are no segments to allow 
the placing of various program parts (progran data, “stden, 
1/0) autcmatically into separate areds. 

The MC68000 supforts 256 vectored interrupts virtually 
identical to the 8086 method. A interrupt vector table is 
located at the lowest memory addresses. Unlike the 8086 and 
the 78000 kowever, the 4C68000 starts at the lowest address 
to begin execution upon initial power on seguence. This 
means some initial interrupt pointers must be availabtle and 
fixed in a system RCM. Once loaded the interrupt vector 
table is as eaSily changed and modified as the 8086 and 
28000. The MC68000 is now available in 3,10, and 12.5 MHZ 
versions. 

The MC68000 has a Series of coprocessors available to 
extend the capability of the basic processor. There are 
also several versions of the basic 4C68000. There isa 
MC68008 similar in concept to the 8083 that is code compat- 
ible with the MC68000 but has an 8-bit data bus and utilizes 
only 20-kits of address bus for one megabyte memory systems. 
The MC68010 is an enhanced MC68000 that supports virtual 
memory and when combined with the MC68451 Memory Management 


Unit can additionally support up to 64 MB of address space 


and sophisticated user and supervisor modes. Finally 
Motorola is testing the MCO80205whach ds Sa ltule 32->e 
Microprocessor with 32-bit) Vdidaivar address, and ALU 
Sipe ae ine ya 
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VI. EXAMPLE 16-BIT COMMERCIAL OPERATIN 


a >= EEE ae Se SS SS SE Ts 


A. DIGITAL RESEARCH CP/M-86 


Control Program for Microcomputers (CP/M) was’ first 
developed rer an Intel 8080 Microcomputer systen. CP/M was 
later adapted to 8C&5 and 280 microcomputer systems and 
became the de facto 8-bit operatinjg system standard. NAVDAC 
recommended that all 8-bit g@icrocomputer systems for general 
Navy use be compatible with CP/M Version 2.2. There are 
literally thousands of serious business applications 
gesigned to run under CP/M and all CP/M systems can exchange 
data with standard 8 inch disk fornats. 

CP/N-86 is the version of CP/M developed for 16-bit 
microcomputer systems using the 3086/8088 microprocessor. 
It maintains virtually the same user interrace and command 
syntax. Applications developed to run under CP/M 2.2 will 
not run under CP/M-86 without considerable conversion. 

CP/M-86 15 composed of three major parts. They are the 
Basic Input/Output Operating System (BIOS), the Basic Disk 
Operating Svstem (BDOS), and the Console Command Processor 
(CCP). CP/YP-86 requires a minimum of 57 kilosytes of nemory 
1n order to execute user programs. The CP/M-86 progran 
itself when loaded into an user machine occupies apfroxi- 
mately 13.5 kilobytes of RAM and the remaining FAM in the 
user system is designated as tne Transient Program Area 
(TPA). Although CPyM-86 normally resides in the lowest 
segment of memory after the interrupt vector table, itis 
designed to be relocated in any location as necessary. 

CP/M-86 is designed such that the BDOS and CCP present a 
common user interface in all CP/M-86 implementations. Tals 


means tnat the BDOS and CCP are the same and implement their 
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functions through calls to the BEOS. Tne BIOS is the device 
dependent portion of the operatinjy system and must be 
specifically tailored or customized for each dirferent 
microcomputer systen. This design allows CPYM-86 tc @egeae 
device independent to the user or application program. 
Also, due to the similarity of toe BDOS and CCP in all CE/™* 
versions, users can immediately begin to use the CP/M cper- 
ating systems on a wide variety orf microcomputer systems. 

The BDOS is the nucleus of the CP/M-36 operating systen 
providing the necessary routines to manage the seccndary 
storage medium and act on commands passed to it from the 
CCP. CP/M-86 (Version 1.1) provides 49 different BDOS func- 
Oise This includes 17 additional functions over the CeE/™M 
2.2 8-brt funceionse These functions provide for sucna 
elementary operations as open file, close file, rename file, 
read random record, and basic user consoie functions Such as 
read a character from the keykoard and display a character 
on the CRT screen. All CP/M-86 BDOS runction calls are 
laplemented by placing the function number and other inror- 
mation into designated registers of the 8086/8088 processor, 
and then issuing a reserved interrupt request. 

The BIOS of CP/M-86 provides 21 functions for the appli- 
cations programmer. Because some BDOS functions pass 
through the BIOS, some of the BIOS functions duplicate func- 
tions available in the BDOS. The two most notable exauples 
are character input/cutput from the keyboard to the display 
screen. The BIOS does not duplicate the BDOS exactly 
because the BIOS contains oniy enouga information tc aandle 
tne specific hardware functions of the system machine, while 
the BDCS provides many routines that do not function 
directly with system hardware. Some other examples of 
specific BICS runctions are select disk drive, track, and 
sector, or read selected track and sector. Thus the BIOS 


provides those functions necessary to deal with physical 
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facets of the user machine while the BDOS acts’ on logical 
aspects of applicaticns programs. In total CP/M-86 provides 
70 functions for the applications programmer. 

The Console Command Processor 1S responsible for inter- 
preting and acting ~on all user commands typed from the 
keyboard. The CCP receives input from the keyboard and 
parses tne input to determine if the input is an operating 
system command, a command to load and execute an application 
program, or a command CP/M-86 does not understand that must 
ke handled by an errcer routine. Toe CCP presents the user 
interface for the particular microcomputer systen. 

The CCP has two major parts. The first part contains 
those commands and their associated routines that CP/%-86 
operates on directly and are internal to the CCP. These 
routines and commands are immediately available to the user 
when ever the operating system is loaded re active. 
CP/M-86 calls these "Euilt-In Commands". CP/M-&6 contains 
S1x such commands. There are two types of directory commands 
which list the names of either system or user files on the 
secondary storage device, two commands to either erase or 
rename file names, a command to list (type) the contents of 
a file, and a command to change the active user number. 
CP/M-86 allows the designation of 16 user numbers for priai- 
tive file protection purposes. 

The second part of the CCP takes action when the current 
com@and is not one of the built in commands. In this case 
the CCP assumes that the command is a directive to load and 
execute a projram ccntained on a secoudary storaye device. 
The CCP then actives the device and searches for the given 
program. If found, the CCP performs the necessary initiali- 
zation routines to load the program into memory and pass 
contrcl to it for execution. 

CP/M-86 provides thirteen external programs and calls 


them "Transient Utility Commands". These programs provide 
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status information for secondary storage and routines to 
transfer files from one device to another. There are 
several external programs that provide functions not found 
in many microcomputer operating systems. 

These functions include a help program which provides an 
on-line help facility for all CP/M-386 commands and their 
correct syntax. This 1S a significant contribution to Weer 
friendliness for a microcomputer operating systen. An 
8086/8038 assembler and debugger are also provided as part 
or the operating systen. These two programs can cost 
hundreds oz dollars for particular aicrocomputer systems 
when they are not provided. CP/M-86 also provides a limited 
lane oriented editor for program development. 

In the CP/M-86 inplementation specifically for the IBM 
Personal Computer, two additional external commands are 
provided. One is a menu driven setup program that uses 
function keys to easily set and assign system parameters, 
Such aS communication port initializations, printer selec- 
tions and other functions. The second command is a rrint 
utility that provides for limited virtual spooling of output 
for an attached printer device. 

Current versions of CP/M-86 can support up to sixteen 
attached floppy disk drives. The transient utility ccmmand 
"MDOISKMAINT" (for disk maintenance) is the CP/M-86 routine 
that sets up and initializes floppy disks to the CP/M-86 
format. This format will support eitner single-sided disk- 
ettes or double-sided diskettes. The format routine in 
DISKMAINT will format 40 tracks per side creating either 156 
kilobytes or 316 kilotytes of secondary storage capacity 
respectively. CP/M-86 divides a disk into thirty-two phys- 
ical sectors ard records 128 bytes per sector, reserving one 
track of information for internal use. CP/M-86 will allow a 


total of 64 directory entries (files) per diskette. 
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No support is currently proviijied for nard disk drives. 
However, most hard disk manufacturers will provide a custcn- 
ized version of the CP/M-86 BIOS to Support their particular 
hacd disk. The file structure implementation and storage 


capacities will then depend on the hard disk manufacturer. 


Ba MICROSOFT MS-DOS AND IBM PC-DOS 


Peer CSOLt COLD. developed the MS-DOS (Microsoft Disk 
Operating System) Operating system under contract by IBM 
specifically for the IBM Personas Computer. AS such waoen 


IBM released the Perscnal Computer the operating system was 
Simply named DOS (Disk Operating System). Because there are 
some minor dirferences? between the version that Micrcsoft 
how markets independently and the version for the IBM 
Personal Computer, the Personal Computer version is gener- 
aily referred to as PC-DOS. 

When Microsoft developed PC-DOS the CP/M oferating 
system cor 8-bit miciccomputers was considered the de facto 
standard. Microsoft wanted to maintain some CP/M compati- 
bility so that it would be easy for developers to convert 
programs tor the new system, but also felt that CPyM could 
be improved in a number of areas. Tne result is that PC-DOS 
and CF/4 or CP/M-86 share similar functional structure but 
differ on exact details of implementation and command 
syntax. 


eMS=DOS amd PC-DOS ame exactly wsidentical version for 
verSion to the applications programmer. Peele Dt © tata. bash Ge 
tions and Pe Eeee 9 See callS are preciseiy identical in 
operation. The only differences are some command Lames that 
are Se nee Changed and the addition or deletion of scme 
externa rogram utilities depending on a particular vendor. 
Most smscens wtilazing MS-DOS anclude. an OP leat nodule 
Peomary Utilit Eilat ts met IMeludeaq in PC=-DOS5. ~~ PC=DOS 
allows tke linking of separate object modules or libraries 
but does not include the utility to add object nodules to an 
existing litrary. 
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Like CP/M, MS-DOS is composed of three Major parts, and 
these parts are equivalent 1n purpose. I3M names taese 
parts the IBMBIO (ITEM Basic Input/Output System), IBMDOS 
(IBM Disk Operating System), and the COMMAND Processor 
(Micrcsort names these parts I/O System, MDOS, and COMMAND). 

The IBMBIO contains the device specific information 
necessary to communicate with the physical devices attached 
to the IBM Personal Computer. In the MS-DOS version this 
also contains the necessary device intormation for the 
particuiar machine implementation. SP/M-86 builds itsi@gaa 
set of jump vectors that perform Similar to an interrupt 
vector table. CP/M-86 BIOS functions are then isplemented 
through this set of jump vectors. MS-DOS on the other hand 
implements all operating system internal functions througn 
the vector interrupt table of the 3088/8086 microprocessor. 

“MS-DCS -reserves:'32 of the 8088/8086 interrupts fou mars 
Own uSe. One of the interrupts 1S reserved for operating 
system function calls that act in the Same manner as CP/M-86 
BDOS Eunctions. The Similarity between MS-DOS and CP/M-86 
1s shown by the use of the same function numbers for a large 
Majority of the operating system calls. Because MS-DCS 1s 
totally interrupt driven, the I/O system remains more trans- 
parent to the programmer than cCP/M-86. AS i1tplemented 
MS-DOS makes no distinction between the I/O system calls and 
the disk orerating system calls. MS-DOS (Version Z.0) 
provides a total of 120 operating system functions of which 
83 can ke considered uSer functions (MS-DOS reserves 24 
interrupts and 13 interrupt driven function calls cor@mes 
Own internal use). 

The MS-DOS COMMAND processor has been significantly 
expanded and simplified over CP/M-86. The major driving 
Tractor tor the current expansion is that the latest version 
of MS-DOS provides internal support for hard disk drives. 


MS-DOS contains 26 internal commands and 18 external 
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commands or operating system utilities. MS-DOS has incorpo- 
rated more of the common operating system tcunctions as 
internal ccmmands and attempted to simplify the command 
Syntax of these commands. 

An example of this is the method of copying files fron 
one device to another. CP/M-86 provides a transient utility 
command named PIP (Peripheral Interchange Program) to accon- 

lish this task. The syntax for use of the command is: 

PIP devicez:iestination-file = device: source-file options 
MS-DOS provides an internal command named COPY which the 
syntax 18S: 

COPY device:source-ftile device:destination- file options 
From this example tke similarity between the two operating 
systems can be seen. In general however, MS-DOS provides a 
Simpler and easier understood user interface oy enploying 
more Euglisn-like commands than CP/M-86. Current versions 
of MS-DOS provide no help facility however. | 

Another difrerence 1S that MS-DOS does not provide its 
Own assembler. It is offered as a Separate product from 
MeGrOosott. Microsoft normally substitutes aits own BASIC 
language interpreter with the operating system product. 
MS-DOS does provide a simple line oriented editor (EDLIN) 
and an 8088/8086 dekugger (DEBUG). Tne latest versicn of 
DEBUG (2.0) will assemble 8088/8086 and 80387 anemonics but 
orfers no macro or named address facility. 

Toe major difference between CP/M-36 and MS-DOS cccurs 
in the manner that MS-DOS handles the secondary storage 
medium. MS-DOS can Support up to 250 attached drives and 
has built in Support for hard disk drives. MS DG eeeeree 
floppy disk drives will Support either single-sided or 
double-sided nediun. MS-DOS formats tae floppy disk medium 
at 40 tracks per side and either eight or nine sectors or 
512 bytes each per side. This gives AS-DOS eitner 160, 180, 
320, or 360 kiiobyte drive capacities. A4S-DOS does not 


67 


reserve a dedicated track for its own use unless reguested. 
This allows more information to be stored on data disks as 
tne operating system itself is not stored on the disk. 

Normally MS-DOS wili allow 64 files per disk for 
Single-sided disk or 112 files per disk for doukle-sided 
disks. MS-DOS (Version 2.0) also supports a tree structured 
file system that allcws the creation of separate directories 
and sub-directories. This was implemented as part of the 
support for hard disk drives. The result of the tree struc- 
tured directories is that MS-DOS can support a virtually 
unlimited number of files. The naumper of files is limited 
only by the physical size of tne storage medium and is not 
restricted by the operating system. 

It is difficult to compare operating system features at 
any given point intime because the manutacturers are 
constantly updating them. The above comparisons discuss two 
relatively different versions of the two manufacturers oper- 
ating systems. The prospective Navy purchaser should 
realize that different versions of the same operating system 
can have significantiy difrerent features and capability, 
and should become cognizant of the differences berore 


considering a purchase. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 

There are currently so many options facing a prospective 
Navy microcomputer purchaser, that to decide upon one system 
among the hundreds that are availabdie certainly seems an 
impossible task. Standards and guidelines developed by 
NARDAC Norfolk, under the direction oz NAVDAC, go along way 
to eliminate some of the confuSion ania lead the prospective 
purchaser in a forward direction. NAVDAC pub. 15, Economic 
Analysis Procecures for ADP, provides guidance on hecw to 
conduct economic analysis. The procedures described by Pub. 
15 can Fe utilized to conduct analysis between the many 
differing miccocomputer alternative systems. hie lo reeon— 
meuded however, that when conducting cost pénefit analysis 
among many differing systems, that not only the absolute 
cost benefit values be examined, Dut “dmeaddition, the 
Changes in benefits versus the changes in costs, be examined 
for the different alternatives unier consideration. It is 
recommended that NAVITAC Pub. 15 be updated to reflect tais 
change. 

A framework for the construction of a model to perforn 
the change analysis has been sSuggeSted using the functions 
available in common spreadsheet type programs. eas 
further suggested that these programs provide a Mmeans_ to 
store and easily manage the now large amount of data neces- 
Sary in €valuating amonj many microcomputer systems. It is 
hoped that the use cf these automated tools will provide a 
positive incentive to perform a more complete and thorough 
economic analysis. It is recommended that further research 
be done, particularly in the area of decision sufport 
systems and tne construction and integration of autonatec 


economic analysis models not only for evaluation of 
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Microcomfputer systems, but to be implemented on micreccn- 
ruter SYSters, 

It is recommended that NAKDAC Norfolk, having the micro- 
computer systems andcost data available, be a Startiena 
point in the construction of some initial working nodels. 
Further, since NARDAC Norfolk wili begin teaching instruc- 
tional classes on the use of microcomputer spreadsheets, 
tnat these classes will provide an excellent opportunity for 
the construction of a working microcomputer decisioh support 


model. 
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